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Abstract 

Two integrases inhibitors, raltegravir and elvitegravir, have now been approved by regulatory agencies for use in 
the treatment of HIV-infected patients; and the approval of a third such drug, dolutegravir, is expected during 2013 
on the basis of several phase 3 clinical trials. The advent of this new class of antiretroviral (ARV) medications 
represents a major advance in the management of HIV infection, and each of these three drugs can be expected to 
continue to be an important component of ARV combination regimens. 
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The recent approval by the Food and Drug Administra- 
tion (FDA) of Elvitegravir (EVG) as an anti-HIV inte- 
grase strand transfer inhibitor (INSTI) is good news for 
patients who will want to take a potent once-daily single 
tablet antiretroviral regimen (STR). INSTIs target the 
HIV enzyme integrase through a selective effect on 
strand transfer. This is a result of both the binding of 
the inhibitor to the specific complex between integrase 
and viral DNA, resulting in displacement of the reactive 
3/ end of the viral DNA and chelation of the two essen- 
tial magnesium ions present in the integrase active site 
[1], In general, the INSTI class of antiretroviral drugs is 
active against multiple retroviruses, including primate 
and nonprimate lentiviruses, and against both HIV-1 
and HIV- 2 [2,3]. Furthermore, these compounds seem 
to be active against all subtypes of HIV-1 since the inte- 
grase enzymes of these subtypes share sequence ho- 
mology and behave similarly in biochemical assays [4]. 
Due to the fact that EVG needs to be boosted by an add- 
itional drug, termed cobicistat, with which it has been 
co-formulated, the new STR will consist of four separate 
ingredients that also include the two potent nucleos(t) 
ide reverse transcriptase inhibitors (NRTIs) emtricita- 
bine (FTC) and tenofovir (TDF). The FDA approved 
EVG for treatment of drug-naive patients based on three 
large clinical trials, two in drug-naive and one in drug- 
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experienced patients [5-7]. The efficacy and safety of the 
four drugs in the new formulation, now termed Stribild " , 
was evaluated in a randomized double-blind double 
dummy design against a triple drug STR termed Atripla® 
that includes both FTC and TDF as well as the non- 
nucleoside reverse transcriptase inhibitor (NNRTI) efavir- 
enz (EFV) in a trial of 700 drug-naive patients [5]. In a 
second trial of 700 drug-naive patients, the same four drug 
STR was evaluated against a triple combination that 
includes both FTC and TDF as well as the ritonavir- 
boosted protease inhibitor (PI) atazanavir (ATV/r) [6]. In 
these two trials, the new EVG -containing regimen was 
documented to be non-inferior to Atripla® and to TDF/ 
FTC plus ATV/r in terms of the proportion of previously 
drug-naive patients demonstrating viral load suppression 
to below 50 copies RNA/ml after 48 weeks of treatment. 
The new regimen is considered by many to have potential 
advantages compared with Atripla" because of well- 
documented EFV-related toxicities (central nervous sys- 
tem (CNS) and cutaneous) and the fact that some patients 
may have been infected by viruses that contained the 
K103N mutation or other mutations that confer resistance 
against EFV. Even though any patient possessing these 
mutations on the basis of standard genotyping prior to ini- 
tiation of therapy would be ineligible to receive either EFV 
or Atripla®, the fact is that some patients may possess mi- 
nority variants of these mutations that can only be 
detected by more sensitive techniques, not available in 
routine practice, and that such individuals may be 
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compromised in terms of ability to respond to an EFV- 
based regimen [8] . 

At the same time, it must be recognized that one other 
INSTI is currently available for treatment and that other 
members of this family of compounds are now in late 
stage clinical development and may be approved for 
therapy in the near future. The drug that has already 
been approved is raltegravir (RAL), and it has the advan- 
tage of being extremely potent as well as safe and very 
well tolerated over more than five years of clinical ex- 
perience [9]. Moreover, the Startmrk trial has reported 
long term efficacy data of 563 previously treatment- 
naive individuals over five years of therapy, and the 
results reveal that RAL is virologically superior to EFV 
over this time and better tolerated when either drug is 
used in combination with FTC and TDF, despite the fact 
that EFV can be dosed once-daily while RAL has only 
been approved for use as a twice-daily drug [10]. The 
Startmrk trial was a randomized double-blind study in 
which RAL was dosed twice daily while patients on the 
EFV arm of the study received active EFV as part of their 
night-time regimen and a placebo in the morning at the 
same time that patients in the RAL arm received active 
drug [10]. In view of the fact that EFV possesses a far 
longer plasma half-life than RAL, it can therefore be fur- 
ther argued that any degree of non-adherence in the 
Startmrk trial should have favoured the EFV arm. Thus, 
the demonstrated superiority of RAL over EFV is even 
more impressive than the data of the intent-to-treat ana- 
lysis would seem to indicate (proportion with HIV RNA 
< 50 c/ml at week 240 was 71% vs. 61% for RAL and 
EFV, respectively (95% CI : 1.7-17.3)) [9]. Of note there 
was a low level of resistance among patients with virolo- 
gic failure; after 240 weeks of follow-up, only 7 patients 
in the RAL group possessed resistance mutations at time 
of virologic failure. There was also a benefit of RAL over 
EFV in regard to lipid profile [9] . 

It is worth noting that RAL was approved by regulatory 
agencies as a twice daily drug on the basis of the Startmrk 
clinical trial. However, attempts were made to demon- 
strate that RAL might be used on a once-daily basis if 
dosed at 800mg once-daily (qd) as opposed to the twice- 
daily (bid) dosing schedule of 400 mg that is recom- 
mended [11]. Although the results of the clinical trial on 
this topic, termed Qdmrk, performed in 670 drug-naive 
individuals, showed that qd dosing with RAL in combi- 
nation with TDF/FTC did not meet the 10% criterion of 
non-inferiority in comparison to the bid use of RAL, the 
fact is that the qd use of RAL proved to be effective at 
suppression of viral load to <50 copies viral RNA/ml in 
more than 83% of subjects over a period of 48 weeks [12]. 
Moreover, the results further indicated that qd dosing with 
RAL was as effective as bid RAL in almost all patients 
who initiated therapy with HIV RNA < 100,000 copies/ml 



at baseline, suggesting as well that RAL may be a forgiving 
drug in regard to occasional non-adherence [12,13]. One 
of the reasons for the superiority of RAL over EFV in the 
Startmrk trial may, therefore, be that occasionally missed 
doses of RAL as part of a bid regimen may not impact sig- 
nificandy on treatment outcome, and, as well, that RAL is 
both more potent and less toxic than EFV. Of course, the 
fact that RAL does not need to be boosted by a pharmaco- 
logical enhancer such as ritonavir or cobicistat is another 
major advantage. 

Recent clinical findings suggest that a new second gen- 
eration INSTI termed dolutegravir (DTG) is also super- 
ior to EFV over 48 weeks of therapy, when both drugs 
are used in combination with a fixed dose of once-daily 
NRTIs, abacavir/lamivudine or TDF/FTC, respectively 
[14]. However, a second randomized double-blind 
double dummy study showed that once daily DTG was 
not superior but rather non-inferior to twice daily RAL, 
despite the potential advantage of being used on a qd 
basis due to a long plasma half-life and an ability to bind 
to the HIV integrase enzyme for a more protracted 
period than either RAL or EVG [15]. DTG also has the 
advantage of not requiring boosting by a pharmaco- 
logical enhancer, and it is likely that DTG will be 
approved by regulatory agencies during 2013, giving rise 
to a situation in which three different INSTIs will be 
available for treatment of HIV disease. DTG will repre- 
sent a further important addition to the antiretroviral 
armamentarium of drugs and has also the advantage of 
having a higher genetic barrier to resistance than the 
two other INSTIs (Table 1, [3]). 

Of note, comparison of the different phase 3 studies of 
the three INSTIs is difficult. For example, median baseline 
plasma viral load was significantly higher in the Startmrk 
(5.1 logi 0 c/ml) than in the Stribild® studies (4.75 and 4.88 
logio c/ml) and the DTG studies (4.52 and 4.67 logi 0 c/ml) 
[5,6,10,14,15]. This reinforces the clinical potency and effi- 
cacy of RAL in mediating virologic suppression to levels 
below detectability after 48 weeks of therapy, since virolo- 
gic suppression is more difficult to achieve in patients who 
present with high initial plasma viral loads. One of the dif- 
ferences between the three INSTIs is related to inhibition 
of renal tubular secretion of creatinine by both dolutegravir 
and cobicistat which leads to a rapid and sustained increase 
of serum creatinine, although glomerular filtration is not 
affected [5,6,14,15]. Furthermore, some cases of disconti- 
nuations for renal toxicity with proximal tubulopathy oc- 
curred in one of the phase 3 trials of TDF/FTC/EVG/ 
cobicistat (5) and Stribild® is contra-indicated in patients 
with estimated creatinine clearance below 70 mL per 
minute. 

Table 1 summarizes the main characteristics of the three 
INSTIs. RAL is classified by the FDA as a category C drug 
for use during pregnancy, and the STR of TDF/FTC/EVG/ 
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Table 1 Major characteristics of the 3 INSTIs 



Characteristic 


RAL 


EVG/cobi 


DTG 


Dosing 


400 mg bid 


150/150 mg qd 


50 mg qd in INSTI-naive and 50 mg bid in 
INSTI-experienced patients 


STR 


No 


Yes ( 1 Dh/h 1 C/tVG/cobi) 


Together with abacavir(ABC) and 3TC 


To be taken with food 


No 


Yes 


No 


In vitro activity* 


33 nM (IC95) 


45 ng/mL (IC 95 ) 


0.064 ug/mL (0.15 uM) (IC 90 ) 


Protein binding 


83% 


98 % 


99.3% 


Terminal half-life 


9 h 


1 2.9 h/3.5 h 


15 h 


Drug-drug interactions 


with inducers of 
UGT1A1 (rifampin) 


Presence of a strong CYP3A 
inhibitor such as cobicistat creates 
the potentialfor an increase in systemic 
exposure of CYP3A substrates 


with inducers of UGT1 A1 (rifampin) 


Interaction with proton pump 
inhibitors and antacids 


No 


No 


No 


Major resistance mutations 
[summarized in 3] 


E92Q 

Y143C/H/R 
Q148H/K/R 
N155H 


T66I/A/K 

E92Q/G 

T97A 

S147G 

Q148H/R/K 

N155H 


None (accumulation of multiple mutations 
required to confer resistance) 



RAL = raltegravir ; EVG/cobi = elvitegravir/cobicistat ; DTG = dolutegravir ; bid = twice-daily ; qd = once-daily ; TDF/FTC = tenofovir/emtricitabine ; ABC/3TC = 
abacavir/lamivudine. 

* in vitro protein-adjusted inhibitory concentration. 



cobicistat as category B, while information on this topic is 
not yet available for dolutegravir. Based on package inserts, 
RAL is not recommended for use during pregnancy, and 
TDF/FTC/EVG/cobicistat should be used during preg- 
nancy only if the potential benefit justifies the potential risk 
to the fetus. RAL has been recently approved by the FDA 
for use in children and adolescents aged 2-18. Chewable 
pills are available for children aged 2 to 11, while the safety 
and effectiveness of TDF/FTC/EVG/cobicistat and DTG in 
pediatric patients less than 18 years have not been estab- 
lished. A study evaluating RAL in pregnancy is ongoing 
(clinicaltrials.gov NCT01618305). 

Thus, we are privileged to have multiple options in 
regard to the use of various INSTIs for therapy of HIV- 
infected individuals. EVG is the newest INSTI to be 
approved, and the promise of DTG for the future ther- 
apy of HIV disease is exciting. Resistance against both 
RAL and EVG have been reported on the basis of both 
clinical failures (fewer with RAL than EVG) and tissue 
culture drug selection studies, and it is clear from this 
work that the most frequent mutations in the HIV inte- 
grase gene that confer resistance against RAL also con- 
fer resistance against EVG, making it highly improbable 
that these two molecules might be used to salvage one 
another in the event of drug resistance [3]. Indeed, 
EVG can overcome only one of the three RAL- 
resistance pathways (Y143). On the other hand, DTG 
has demonstrated clinical activity at double the 



standard dose of 50 mg bid in patients harboring 
viruses resistant to RAL and/or EVG [3]. However, an 
accumulation of the major RAL- or EVG-resistance 
mutations may also diminish the likelihood of long- 
term clinical success with DTG. At the same time, 
RAL, the first approved member of the INSTI family of 
drugs, remains the only integrase inhibitor to have 
proven itself over more than five years of clinical ex- 
perience as a fully safe and effective compound, with- 
out significant drug-drug interactions, that is superior 
to EFV. Although RAL is only recommended for twice 
daily dosing, an analysis of the Qdmrk study and other 
recent studies in which virologically suppressed 
patients were switched to other regimens suggests that 
a once daily dose of 800 mg RAL could represent an 
option for first-line therapy in some patients presenting 
with HIV RNA < 100,000 c/ml or in virologically sup- 
pressed patients who wish to change regimens from a 
prior first-line boosted protease inhibitor containing 
regimen. Such qd dosing of RAL should be further 
evaluated in randomized settings 

Conclusions 

Each of RAL, EVG, and DTG will continue to be im- 
portant components of combination anti-HIV therapy 
over many years. Although there are more long-term ef- 
ficacy and safety data now available on RAL than on the 
other two drugs, the use of the other options in first-line 
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therapy is also compelling. Due to its more favorable re- 
sistance profile, DTG will probably be the only member 
of the INSTI family of drugs that will be useful in both 
first-line therapy as well as in subsequent HIV INSTI- 
based treatment. 

Competing interest 

Drs Raffi and Wainberg have received research funding and/or consultancy 
honoraria from Gilead Sciences, Merck Inc., ViiV Healthcare and Bristol-Myers 
Squibb Inc. 

Authors' contributions 

Both FR and MAW conceived of the idea for this Viewpoint, and both 
authors contributed to its writing. Both authors read and approved the final 
manuscript. 

Author details 

'University Hospital of Nantes, EA 4271, 1 Place Ricordeau, Nantes cedex 1 
44093, France. 2 McGill University AIDS Centre, Lady Davis Institute, Jewish 
General Hospital, 3755 Cote-Sainte-Catherine Rd, Montreal, QC H3T 1E2, 
Canada. 

Received: 2 November 2012 Accepted: 10 December 2012 
Published: 19 December 2012 

References 

1. Malet I, Calvez V, Marcelin AG: The future of integrase inhibitors of HIV-1. 
Curr Opin Virol 2012, 2:580-587. 

2. Koh Y, Matreyek KA, Engelman A: Differential sensitivities of retroviruses 
to integrase strand transfer inhibitors. J Virol 201 1, 85:3677-3682. 

3. Mesplede T, Quashie PK, Wainberg MA: Resistance to HIV integrase 
inhibitors. Curr Opin HIV AIDS 2012, 7(5):401-408. 

4. Ni XJ, Delilis 0, Charpentier C, Storto A, Collin G, Damond F, Descamps D, 
Mouscadet JF: G140S/Q148R and N155H mutations render HIV-2 
integrase resistant to raltegravir whereas Y143C does not. Retrovirology 

2011, 8:68. 

5. Sax PE, DeJesus E, Mills A, Zolopa A, Cohen C, Wohl D, Gallant JE, Liu HC, 
Zhong L, Yale K, el at Co-formulated elvitegravir, cobicistat, emtricitabine, 
and tenofovir versus co-formulated efavirenz, emtricitabine, and 
tenofovir for initial treatment of HIV-1 infection: a randomised, double- 
blind, phase 3 trial, analysis of results after 48 weeks. Lancet 2012, 
379:2439-2448. 

6. DeJesus E, Rockstroh JK, Henry K, Molina JM, Gathe J, Ramanathan S, Wei X, 
Yale K, Szwarcberg J, White K, et at Co-formulated elvitegravir, cobicistat, 
emtricitabine, and tenofovir disoproxil fumarate versus ritonavir-boosted 
atazanavir plus co-formulated emtricitabine and tenofovir disoproxil 
fumarate for initial treatment of HIV-1 infection: a randomised, double- 
blind, phase 3, non-inferiority trial. Lancet 2012, 379:2429-2438. 

7. Molina JM, Lamarca A, Andrade-Villanueva J, Clotet B, Clumeck N, Liu YP, 
Zhong L, Margot N, Cheng AK, Chuck SL: Efficacy and safety of once daily 
elvitegravir versus twice daily raltegravir in treatment-experienced 
patients with HIV-1 receiving a ritonavir-boosted protease inhibitor: 
randomised, double-blind, phase 3, non-inferiority study. Lancet Infect Dis 

2012, 12:27-35. 

8. Li JZ, Paredes R, Ribaudo HJ, Svarovskaia ES, Metzner KJ, Kozal MJ, Hullsiek 
KH, Balduin M, Jakobsen MR, Geretti AM, ef at Low-frequency HIV-1 drug 
resistance mutations and risk of NNRTI-based antiretroviral treatment 
failure: a systematic review and pooled analysis. JAMA 201 1, 

305:1327-1335. 

9. Rockstroh J, DeJesus E, Saag M, Yazdanpanah Y, Lennox J, Wan H, Rodgers 
A, Dinubile MJ, Nguyen BY, Teppler H, Leavitt R, Sklar P, for the STARTMRK 
Study Team: Long-term safety and efficacy of raltegravir-based versus 
efavirenz-based combination therapy in treatment-naive HIV- 1 infected 
patients: final 5-Yr double-blind results from STARTMRK, IAC. Washington DC: 
Abstract LBPE19; 2012. 

10. Lennox JL, DeJesus E, Lazzarin A, Pollard RB, Madruga JV, Berger DS, Zhao J, 
Xu X, Williams-Diaz A, Rodgers AJ, et at Safety and efficacy of raltegravir- 
based versus efavirenz-based combination therapy in treatment-naive 
patients with HIV-1 infection: a multicentre, double-blind randomised 
controlled trial. Lancet 2009, 374:796-806. 



I-. 



Rizk ML, Hang Y, Luo WL, Su J, Zhao J, Campbell H, Nguyen BY, Sklar P, Eron 
JJ Jr, Wenning L: Pharmacokinetics and pharmacodynamics of once-daily 
versus twice-daily raltegravir in treatment-naive HIV-infected patients. 
Antimicrob Agents Chemother 2012, 56:3101-3106. 
Eron JJ Jr, Rockstroh JK, Reynes J, Andrade-Villanueva J, Ramalho-Madruga 
JV, Bekker LG, Young B, Katlama C, Gatell-Artigas JM, Arribas JR, et at 
Raltegravir once daily or twice daily in previously untreated patients 
with HIV-1 : a randomised, active-controlled, phase 3 non-inferiority trial. 
Lancet Infect Dis 201 1 , 1 1 :907-91 5. 

Gras G, Schneider MP, Cavassini M, Lucht F, Loilier M, Verdon R, Bernard L, 
Parienti JJ: Patterns of Adherence to Raltegravir-Based Regimens and the 
Risk of Virological Failure Among HIV-infected Patients: The RALTECAPS 
Cohort Study. J Acquir Immune Defic Syndr 201 2, 61 :265-269. 
Walmsley S, Antela A, Clumeck N, Duiculescu D, Eberhard A, Gutierrez F, et 
al; Dolutegravir (DTG; S/GSKI 349572) + abacavir/lamivudine once daily 
statistically superior to tenofovir/emtricitabine/efavirenz: 48-week results - 
SINGLE (ING1 14467). Abstract H-556b, 52nd Interscience Conference on 
Antimicrobial Agents and Chemotherapy; September 9-12, 2012. San 
Francisco, CA, USA: 2012. 

Raffi F, Rachlis A, Stellbrink HJ, Hardy WD, Torti C, Orkin C, et al, on behalf of 
the SPRING-2 study group, et at. Once-daily dolutegravirversus raltegravir 
in antiretroviral naive adults with HIV-1 infection: 48 week results from 
the randomised, double-blind, non-inferiority SPRING-2 study. 

Lancet 2012, accepted Oct 25, 2012. 



doi:1 0.1 1 86/1 742-4690-9-1 1 0 

Cite this article as: Raffi and Wainberg: Multiple choices for HIV therapy 
with integrase strand transfer inhibitors. Retrovirology 2012 9:1 10. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



